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REACTION MATERIAL FORMED BODY
AND HEAT STORAGE AND RELEASE UNIT

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s based upon and claims the
benefit of prionity of Japanese Patent Applications No.
2013-085134, filed on Apr. 15, 2013, and No. 2014-001502,
filed on Jan. 8, 2014, the entire contents ol which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to reaction mate-
rial formed bodies and heat storage and release units.

2. Description of the Related Art

In recent years, heat recovery systems for recovering and
using heat sources such as waste heat, such as chemical heat
pumps and adsorption refrigerators, have drawn attention in
terms of saving energy.

According to common heat recovery systems, a reaction
medium, a heat storage and release unit that exchanges heat
with a heat storage material (hereinafter referred to as
“reaction material”) that reversibly reacts with the reaction
medium, an evaporator that evaporates the reaction medium,
and a condenser that condenses the reaction medium are
connected via an opening and closing mechamsm. Further-
more, the heat storage and release unit commonly includes
a heating medium channel in which a heating medium
moves and a reaction material accommodating part that 1s
thermally coupled to the heating medium channel and
accommodates the reaction material.

In order to efliciently recover heat using a heat recovery
system, 1t 1s preferable that the reaction material and a heat
transfer surface thermally coupled to the heating medium
channel be constantly in close contact. Therefore, Japanese
Laid-Open Patent Application No. 10-286460 discloses the
technique of causing an adsorption material (corresponding
to a reaction material according to embodiments of the
present invention) to adhere fast to the heat transfer surface
using a binder in order to improve the heat transier charac-
teristic between the reaction material and the heat transier
surface.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, a reaction
material formed body into which a reaction material reacting,
with a reaction medium to store or release heat 1s formed
includes first and second opposite surfaces and multiple heat
transier enhancing members extending at least from the first
surface to the second surface. At least two or more of the
heat transfer enhancing members are oriented 1n a predeter-
mined single direction.

According to an aspect of the present invention, a heat
storage and release unit includes the reaction material
formed body as set forth above, a reaction material accom-
modating part accommodating the reaction material formed
body and including a heat transier surface that exchanges
heat with the reaction material formed body, and a reaction
material pressing member configured to press the reaction
material formed body against the heat transier surface.

The object and advantages of the mmvention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.
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2

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and not restrictive of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become more apparent from the following
detailed description when read in conmjunction with the
accompanying drawings, in which:

FIG. 1 1s a schematic diagram illustrating a configuration
ol a heat storage and release unit according to an embodi-
ment of the present invention;

FIG. 2 1s schematic diagram 1llustrating another configu-
ration of a heat storage and release unit according to the
embodiment;

FIG. 3 1s a schematic diagram 1llustrating another con-
figuration of a heat storage and release unit according to the
embodiment;

FIG. 4 1s a schematic perspective view ol a reaction
material formed body according to an embodiment of the
present 1nvention;

FIG. 5 1s a schematic diagram for illustrating a form of
arrangement of heat transfer enhancing members according
to the embodiment;

FIG. 6 1s a schematic diagram for illustrating an effect of
heat transfer enhancing members according to the embodi-
ment,

FIG. 7 1s a schematic diagram for illustrating another form
of arrangement of heat transfer enhancing members accord-
ing to the embodiment;

FIG. 8 1s a schematic diagram for illustrating a manufac-
turing apparatus that manufactures a reaction material
formed body according to the embodiment;

FIGS. 9A, 9B, 9C and 9D are schematic diagrams for
illustrating an operation of the manufacturing apparatus
according to the embodiment;

FIG. 10 1s a schematic enlarged view of part of a heat
storage and release unit around one of reaction material
accommodating parts according to the embodiment;

FIG. 11 1s a schematic diagram for 1llustrating a form of
arrangement of heat transfer enhancing members according
to an embodiment of the present invention;

FIG. 12 1s a schematic enlarged view of part of a heat
storage and release unit around one of reaction material
accommodating part according to the embodiment;

FIG. 13 1s a schematic diagram for illustrating another
form of arrangement of heat transfer enhancing members
according to the embodiment;

FIG. 14 1s a schematic diagram for 1llustrating a form of
arrangement of reaction medium flow passages according to
the embodiment;

FIG. 15 1s a schematic diagram for illustrating another
form of arrangement of heat transfer enhancing members
according to the embodiment;

FIG. 16 1s a schematic enlarged view of part of a heat
storage and release unit around one of reaction material
accommodating parts according to the embodiment;

FIGS. 17A and 17B are schematic diagrams for 1llustrat-
ing other forms of arrangement of heat transfer enhancing
members according to the embodiment;

FIG. 18 1s a schematic enlarged view of part of a heat
storage and release unit around one of reaction material
accommodating parts according to the embodiment;

FIG. 19 1s a schematic diagram 1illustrating another form
of arrangement of heat transfer enhancing members accord-
ing to the embodiment; and
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FIG. 20 1s a schematic diagram for illustrating a form of
arrangement of heat transfer enhancing members according
to an embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

As described above, Japanese Laid-Open Patent Applica-
tion No. 10-286460 discloses the technique of causing the
adsorption material to adhere fast to the heat transfer surface
using a binder.

According to the method disclosed 1n Japanese Laid-Open
Patent Application No. 10-286460, however, 1t 1s necessary
to replace the whole heat storage and release unit when the
adsorption material 1s replaced because of degradation over
time, thus resulting 1n high running cost.

Furthermore, according to the method of Japanese Laid-
Open Patent Application No. 10-286460, graphite 1s mixed
in the adsorption material as a heat transfer enhancing
material 1n order to improve the heat transier characteristic
inside the adsorption material layer. According to the mixing
method described in Japanese Laid-Open Patent Application
No. 10-286460, however, it 1s necessary to mix a large
amount of the heat transfer enhancing material in order to
obtain a high heat transfer characteristic. An increase in the
mixture ratio of the heat transfer enhancing material
decreases the filling ratio of the adsorption material and
increases heat loss for the sensible heat of the heat transter
enhancing material. As a result, the coeflicient of perfor-
mance (COP), which 1s one of the performance indices of
the output of the heat storage and release unit relative to a
thermal 1input to the heat storage and release unit, decreases.
Therefore, there 1s a demand for the development of a
reaction material (unit) that has a high thermal conductivity
in a predetermined heat transfer direction even with a
limited amount of the heat transfer enhancing material and
enjoys high heat exchange performance between the heat
storage and release unit and the heat transfer surface.

According to an aspect of the present invention, a reaction
material formed body i1s provided that enjoys high heat
exchange performance between a heat storage and release
unit and a heat transier surface and 1s easily replaceable in
the case of degradation.

A description 1s given below of embodiments of the
present mvention.

A description 1s given of configurations ol heat storage
and release units 1n which a reaction material formed body
according to an embodiment of the present invention may be
used. According to embodiments of the present invention,
the reaction material formed body 1s not limited, and may be
applied to, for example, a plate heat storage and release unit
and a fin tube heat storage and release unit. First, a descrip-
tion 1s given, with reference to FIG. 1 and FIG. 2, of
configurations of plate heat storage and release units. Then,
a description 1s given, with reference to FIG. 3, of a
configuration of a fin tube heat storage and release unit.

FIG. 1 1s a schematic diagram illustrating a configuration
ol a heat storage and release unit according to an embodi-
ment of the present invention.

Referring to FIG. 1, a heat storage and release unit 100a
includes heating medium channels 110 1n which a heating
medium moves and reaction material accommodating parts
120 thermally coupled to the heating medium channels 110.
In general, multiple heating medium channels and multiple
reaction material accommodating parts are provided in a
single heat storage and release unit.
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Below-described reaction material formed bodies 130,
which may simply be referred to as “reaction matenals,” and
a reaction material pressing member 150 are provided 1n
cach reaction material accommodating part 120. The reac-
tion material pressing member 150 presses each reaction
material formed body 130 against a corresponding heat
transier surface 140, which 1s a wall part of the reaction
material accommodating part 120. In the case of FIG. 1, a
pair of (two) reaction material formed bodies 130 are
accommodated 1n each reaction material accommodating
part 120, and the reaction material pressing member 150 1s
placed between the two reaction material formed bodies 130
to press the reaction material formed body 130 on each side
against the corresponding heat transier surtace 140.

Furthermore, FIG. 2 1s schematic diagram illustrating
another configuration of a heat storage and release unit
according to the embodiment. Like the heat storage and
release unit 100q of FIG. 1, a heat storage and release umit
10056 of FIG. 2 1s a plate heat storage and release unit. The
heat storage and release unit 1006 has the same configura-
tion as the heat storage and release unit 100q of FIG. 1
except that the heating medium channels 110 are rotated 90
degrees relative to the heat storage and release unit 100a of
FIG. 1. The reaction material formed bodies 130 of this
embodiment may be suitably used for the heat storage and
release unit 10056 as well.

Furthermore, FIG. 3 1s a schematic diagram 1llustrating
another configuration of a heat storage and release unit
according to the embodiment. A heat storage and release unit
100c of FIG. 3 1s a fin tube heat storage and release unit.
Like the heat storage and release unmits 100a and 1005, the
heat storage and release unit 100¢ includes the heating
medium channel 110 1n which a heating medium moves and
the reaction material accommodating part 120 thermally
coupled to the heating medium channel 110. In the following
description, the heat storage and release units 100a, 1005
and 100¢c may collectively be referred to as “heat storage and
release unit 100~ when no distinction 1s made among the
heat storage and release units 100aq, 1005 and 100c.

The reaction material formed bodies 130 and the reaction

material pressing members 150 that press the reaction mate-
rial formed bodies 130 against the corresponding heat trans-
ter surtace 140, which are heat transfer fins, are placed 1n the
reaction material accommodating part 120.
That 1s, the reaction material formed bodies 130 of this
embodiment may be applied to any form of a heat storage
and release unit as long as the heat storage and release unit
1s formed so as to have a reaction material formed body
pressed against and fixed to a heat transfer surface by a
reaction material pressing member.

In FIG. 1 through FIG. 3, the heat storage and release
units 100a through 100c are partially illustrated 1n a sim-
plified manner, and the heat storage and release units 100a
through 100¢ may include other configurations. Examples of
other configurations include pipes into which the heat
medium channels 110 are gathered to have a heating
medium move 1n and out through the pipes, and a channel
that guides a reaction medium that reacts with the reaction
material formed bodies 130.

Next, a description 1s given of a configuration of the
reaction material formed bodies 130 according to an
embodiment of the present invention. In the following
description, the reaction material formed bodies 130 may
collectively be referred to as “reaction material formed body
130 for convemence of description.

In this embodiment, the reaction material formed body
130 preformed 1nto, for example, a block shape or a flat plate
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shape 1s used as a reaction material. The method of forming
the reaction material formed body 130 1s not limited in
particular, and the reaction material formed body 130 may
be formed 1nto a desired shape using a known binder, for
example.

The material of the reaction material 1s not limited in
particular. Any material may be used as long as the material
1s capable of being reversibly adsorbed to and desorbed from
a reaction medium and 1s 1n the form of a solid or gel in the

process of adsorption and desorption.

Examples of reaction media include water, ammonia and
methanol. In the case of using water as a reaction medium,
a usable reaction material may be, but 1s not limited to, for
example, calcium sulfate, sodium sulfate, calcium chloride,
magnesium chloride, manganese chloride, calcium oxide,
magnesium oxide, sodium acetate, or sodium carbonate. In
the case of using ammonia as a reaction medium, a usable
reaction material may be, but 1s not limited to, for example,
manganese chloride, magnesium chloride, nickel chloride,
bartum chloride, or calcium chloride. In the case of using
methanol as a reaction medium, a usable reaction material
may be, but 1s not limited to, for example, manganese
chloride. Each of these reaction materials may be used alone
or two or more of these reaction materials may be used 1n
mixture.

The reaction material may be used 1 mixture with a
highly thermally conductive material 1n order to increase
thermal conductivity. Examples of highly thermally conduc-
tive materials 1nclude granulated expanded graphite and
metal powder.

Furthermore, while the above-described reaction materi-
als 1include deliquescent matenals, even such deliquescent
materials may also be used as reaction materials 11 the
deliquescent materials are solidified in the process of heat
storage and heat release as a result of being mixed with
expanded graphite or the like by impregnation.

Furthermore, the reaction material formed body 130
according to this embodiment includes below-described
multiple heat transter enhancing members 135 at least inside
the reaction material formed body 130. A description 1s
given, with reference to drawings, of forms of arrangement
of the heat transfer enhancing members 135.

FIG. 4 1s a schematic perspective view of a reaction
material formed body according to an embodiment of the
present mvention. FIG. 5 1s a schematic diagram for illus-
trating a form of arrangement of heat transfer enhancing
members according to this embodiment. To be more specific,
FIG. § illustrates an X-7Z cross section of the reaction
material formed body of FIG. 4 passing through the heat
transier enhancing members.

Referring to FIG. 5, a reaction material formed body 1304
of this embodiment includes multiple heat transfer enhanc-
ing members 1354a. The reaction material formed body 130a
includes first and second opposite surtaces 160 and 170, and
the heat transfer enhancing members 135¢ are formed
through the reaction material formed body 130a to extend
from the first surface 160 to the second surface 170.

Furthermore, the heat transfer enhancing members 13354
are arranged so that at least some of the heat transfer
enhancing members 135¢q (all of the heat transfer enhancing
members 135aq 1n the case of FIG. 5) are oriented 1n a
predetermined (single) direction (that 1s, the same direction).
In the case of using the reaction material formed body 130a
of this embodiment, the reaction material formed body 130a
1s placed so that the first surface 160 or the second surface
170, corresponding to one end of the heat transfer enhancing
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members 133a, exchanges heat with the corresponding heat
transier surface 140 of the heat storage and release unit 100.

By placing the heat transfer enhancing members 135a so
that at least some of the heat transter enhancing members
135a are orniented 1n a predetermined single direction, 1t 1s
possible to form a heat transfer path in the direction of
orientation in the reaction material formed body 130aq.
Theretore, 1t 1s possible to improve the thermal conductivity
of the reaction material formed body 130a (including the
heat transier enhancing members 133a) 1n a predetermined
heat transfer direction. Here, the term “predetermined heat
transfer direction” means a direction substantially perpen-
dicular to a heat transfer surface of a heat storage and release
unit, that 1s, a direction in which the heat released from the
reaction material formed body 130aq i1s transmitted or a
direction 1n which heat to be stored 1n the reaction material
formed body 130q 1s transmitted, when the reaction material
formed body 130q 1s accommodated 1n the heat storage and
release unit.

The material of the heat transfer enhancing members 135a
1s not limited in particular as long as the material may be
processed to be long enough to form a heat transfer path
relative to the size of the reaction material formed body 130a
in the heat transter direction and has good thermal conduc-
tivity. Specific examples of the material of the heat transter
enhancing members 135a include carbon and metal mate-
rials such as copper and aluminum.

As an example arrangement of the heat transfer enhancing
members 135a, a description 1s given of the case of forming
the heat transfer enhancing members 135a 1n the calcium
sulfate reaction material formed body 130 of 200 mm 1n
width, 100 mm 1n length and 5 mm 1in thickness, for
example. In this case, as the heat transier enhancing mem-
bers 135a, carbon fibers of 2 mass % by weight-based
mixture ratio are dispersed in the thickness direction (the Z
direction in FIG. 4 and FIG. §) of the reaction material
formed body 130a. Then, a surface of the reaction material
formed body 130a defined by the width direction and the
length direction (the X direction and the Y direction in FIG.
4 and FIG. 5) may be used as a heat transfer surface to
exchange heat with the heat storage and release unit 100.
The form of formation of the heat transfer enhancing mem-
bers 135a may be suitably changed by a person having
ordinary skill 1in the art 1n accordance with the material, size,
etc., of the reaction material formed body 130aq.

FIG. 6 1s a schematic diagram for illustrating an eflect of
heat transier enhancing members according to this embodi-
ment. In FIG. 6, the horizontal axis represents the mixture
ratio (mass %) of heat transfer enhancing members to a
reaction material formed body, and the vertical axis repre-
sents the thermal conductivity (W/(m'k)) of the reaction
material formed body in a predetermined heat transier
direction. Furthermore, in FIG. 6, a circle indicates a reac-
tion material formed body including no heat transfer enhanc-
ing members (where the mixture ratio of heat transfer
enhancing members 1s 0 mass %), a triangle indicates a
reaction maternial formed body including heat transier
enhancing members, which are not oriented 1n a predeter-
mined single direction, and a square indicates a reaction
material formed body including heat transfer enhancing
members, at least some of which are oriented 1n a predeter-
mined single direction. Calcium sulfate was used as reaction
material formed bodies and carbon fibers were used as heat
transier enhancing members.

As 1ndicated imaginarily by a dotted line 1n FIG. 6, the
thermal conductivity of a reaction material formed body in
a predetermined heat transfer direction 1s improved by
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increasing the mixture ratio of heat transfer enhancing
members even when the heat transfer enhancing members
are not oriented 1 a predetermined single direction. It 1s
tound, however, that the thermal conductivity of the reaction
material formed body in a predetermined heat transier
direction 1s significantly improved by causing at least some
of the heat transfer enhancing members included in the
reaction material formed body to be oriented 1n a predeter-
mined single direction. According to this embodiment, by
causing at least some of heat transier enhancing members to
be oriented 1n a predetermined single direction, approxi-
mately five times as high thermal conductivity as that of a
reaction material formed body in which no heat transier
enhancing members are oriented 1n a predetermined single
direction 1s obtained. To be more specific, even 1n the case
of mixing as limited heat transfer enhancing members as
approximately 2 mass % 1n muxture ratio, the thermal
conductivity of a reaction material formed body according to
this embodiment 1n a predetermined heat transier direction
1s an extremely high value of approximately 2 W/(m k). That
1s, a reaction material formed body according to this
embodiment has a high heat transfer characteristic while
being low in the mixture ratio of heat transfer enhancing
members (that 1s, high i the filling ratio of a reaction
material). Therefore, 1t 1s possible to reduce heat loss for the
sensible heat of heat transifer enhancing members due to
reduction 1n the filling ratio of a reaction material, and to
prevent COP reduction.

The shape of the heat transier enhancing members 1354
1s not limited in particular as long as the heat transfer
enhancing members 135a are long enough to extend from
the first surface 160 to the second surface 170 of the reaction
material formed body 130aq, and may be, for example, a
needle shape, a string shape or a thin strip shape.

It 1s desirable that all of the heat transifer enhancing
members 135a be oriented 1n a predetermined single direc-
tion, while at least part (some) of the heat transier enhancing,
members 135aq alone may be oriented 1n a predetermined
single direction. FIG. 7 1s a schematic diagram for illustrat-
ing another form of arrangement of heat transfer enhancing
members according to this embodiment. As illustrated in
FIG. 7, at least some of the heat transfer enhancing members
135a alone may be oriented in a predetermined single
direction.

Furthermore, as illustrated in FIG. 7, some of the heat
transier enhancing members 135¢ may be enclosed inside
the reaction material formed body 130aq.

A higher area occupancy of the heat transfer enhancing
members 133aq at the first surface 160 and the second surface
170 of the reaction material formed body 130aq 1s more
preferable 1n terms of heat exchange performance. The area
occupancy of the heat transfer enhancing members 135a
may be increased by, for example, increasing the number of
the heat transfer enhancing members 135¢q or increasing the
cross-sectional area of the heat transfer enhancing members
135a.

Next, a description 1s given, with reference to drawings,
of a manufacturing apparatus capable of manufacturing a
reaction material formed body according to this embodi-
ment. FIG. 8 1s a schematic diagram for illustrating a
manufacturing apparatus that manufactures a reaction mate-
rial formed body according to this embodiment.

The arrangement structure of the heat transier enhancing
members 135a of the reaction maternial formed body 130
according to this embodiment may be manufactured using a
reaction material impregnated heat transfer enhancing mem-
ber bundle layered unit 250 (hereinaiter simply referred to as
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“manufacturing apparatus 250”) as illustrated 1n FIG. 8. By
way of example, a description 1s given of a configuration of
the manufacturing apparatus 2350 that manufactures the
reaction material formed body 130« of this embodiment that
has the heat transter characteristic indicated by squares in
FIG. 6.

The manufacturing apparatus 250 of this embodiment
includes a reaction material supply part 210, a belt-shaped
heat transfer enhancing member bundle supply source 220,
and a reaction material impregnation bath 230. The reaction
material supply part 210 supplies a flmd reaction material
201 to the reaction material impregnation bath 230. Multiple
heat transfer enhancing members are arranged and formed
into a belt shape to become a belt-shaped heat transfer
enhancing member bundle 202, which is rolled up into the
belt-shaped heat transfer enhancing member bundle supply
source 220. The reaction material impregnation bath 230 1s
filled with the fluid reaction material 201 supplied from the
reaction material supply part 210.

The manufacturing apparatus 250 according to this
embodiment further includes belt-shaped heat transfer
enhancing member feeding rollers 221 and belt-shaped heat
transfer enhancing member introducing rollers 231. The
belt-shaped heat transter enhancing member feeding rollers
221 feed the belt-shaped heat transfer enhancing member
bundle 202 from the belt-shaped heat transfer enhancing
member bundle supply source 220. The belt-shaped heat
transfer enhancing member introducing rollers 231 intro-
duce the belt-shaped heat transfer enhancing member bundle
202 fed from the belt-shaped heat transfer enhancing mem-
ber feeding rollers 221 into the reaction material impregna-
tion bath 230.

Furthermore, the reaction material impregnation bath 230
of the manufacturing apparatus 2350 of this embodiment
includes, at its bottom, a reaction material impregnated heat
transier enhancing member bundle outlet 232 through which
a reaction material impregnated heat transfer enhancing
member bundle 203 i1s discharged. A reaction material
impregnated heat transter enhancing member bundle cutting
mechanism 233 that cuts the reaction material impregnated
heat transfer enhancing member bundle 203 1s provided
below the reaction material 1mpregnated heat transier
enhancing member bundle outlet 232.

A pressing roller 240, a forward movement stage 241, a
backward movement stage 242, and a layering stage 243 are
provided below the reaction material impregnated heat
transier enhancing member bundle cutting mechanism 233.
The forward movement stage 241 and the backward move-
ment stage 242 are provided across the pressing roller 240
from each other. The layering stage 243 moves forward and
backward so that a heat transfer enhancing member arranged
layered reaction material 204 (hereimafter, “layered reaction
material 204”) 1s formed on the layering stage 243.

Next, a description 1s given, with reference to FIGS. 9A,
9B, 9C and 9D, of an operation of the above-described
manufacturing apparatus 250 according to this embodiment.
FIGS. 9A through 9D are schematic diagrams for illustrating
an operation of a manufacturing apparatus that manufactures
a reaction material formed body according to this embodi-
ment.

Referring to FIG. 9A, the belt-shaped heat transfer
enhancing member bundle 202 fed from the belt-shaped heat
transier enhancing member feeding rollers 221 1s introduced
into the reaction material impregnation bath 230 through the
belt-shaped heat transfer enhancing member introducing
rollers 231. As a result, the belt-shaped heat transter enhanc-
ing member bundle 202 i1s impregnated with the fluid
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reaction material 201. The reaction material impregnated
heat transfer enhancing member bundle 203, impregnated
with the fluid reaction material 201, passes through the
reaction material impregnated heat transfer enhancing mem-
ber bundle outlet 232 to be stacked on the layered reaction
material 204 on the layering stage 243 moving rightward, for
example, while being pressed by the pressing roller 240
rotating counterclockwise, for example, and the forward
movement stage 241.

Next, when layering progresses to reach an end of the
layering stage 243, the reaction material impregnated heat
transier enhancing member bundle 203 1s cut by the reaction
material 1mpregnated heat transifer enhancing member
bundle cutting mechanism 233 to such a length that an end
of the cut reaction material impregnated heat transfer
enhancing member bundle 203 (hereinafter referred to “cut
end 2347) 1s to be located at substantially the same position
as an end 244 of the layered reaction material 204 as
illustrated 1n FIG. 9B, and layering continues.

Next, as 1llustrated in FI1G. 9C, the rotation of the pressing
roller 240 1s reversed (to a clockwise direction 1n FIGS. 9A
through 9D) aiter the position of the pressing roller 240 goes
beyond the end 244 because of the forward movement of the
layering stage 243. Furthermore, after the position of the
forward movement stage 241 goes beyond the end 24
because of the forward movement of the layering stage 243,
the layering stage 243 1s lowered (moved downward) by a
layer of the layered reaction material 204, and the layering
stage 243 1s caused to move 1n the reverse direction (left-
ward 1n FIGS. 9A through 9D).

Then, the rotation speed of the pressing roller 240 and/or
the mtroduction speed of the reaction material impregnated
heat transier enhancing member bundle 203 are adjusted so
that the end 244 and the cut end 244 are at substantially the
same position 1n a horizontal direction, and layering in the
backward direction 1s started as illustrated in FIG. 9D.

By repeating the above-described process, the layered
reaction material 204 1s completed. The obtained layered
reaction material 204 1s subjected to a hardening process
such as drying and firing and 1s shaped 1n accordance with
the shape and size of the reaction material accommodating,
parts 120 (FIG. 1 through FIG. 3) of the heat storage and
release unit 100 to be used, so that a reaction material
formed body according to this embodiment 1s obtained. To
be more specific, the layered reaction material 204 1s cut so
that the long axis directions of heat transfer enhancing
members 222 are perpendicular to the heat transier surfaces
140 of the heat storage and release unit 100. In the case of
exposing the heat transfer enhancing members 222 on a
surface of the reaction material formed body 130a, a reac-
tion material on the surface 1s removed by using a solvent
that dissolves a hardened reaction material or brushing. As
a result, 1t 1s possible to ensure the contact of the heat
transfer enhancing members 222 with the heat transier
surfaces 140 of the heat storage and release unit 100 and also
to ensure ventilation passages for a reaction medium.

Next, a description 1s given of an example arrangement 1n
the case of applying the reaction material formed body 1304
of this embodiment to the heat storage and release unit 100a
(FIG. 1).

FIG. 10 1s a schematic enlarged view of part of the heat
storage and release umt 100a around one of the reaction
material accommodating parts 120 according to this embodi-
ment. According to this embodiment, a pair of (two) reaction
material formed bodies 130a are accommodated 1n each
reaction material accommodating part 120, and the reaction
material formed bodies 130a are pressed against the corre-
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sponding heat transfer surfaces 140 by the corresponding
reaction material pressing member 150.

The reaction material pressing member 150 1s not limited
in particular as long as the reaction material pressing mem-
ber 150 1s capable of pressing the reaction material formed
bodies 130aq against the heat transfer surfaces 140. For
example, a hermetically sealed hollow body capable of
expanding and contracting due to a pressure diflerence
between the inside pressure and the outside pressure or a
corrugated spring member may be used as the reaction
material pressing member 150. In the embodiment illus-
trated 1n FIG. 1, a hermetically sealed hollow body (a hollow
structure) 1s used as each reaction material pressing member
150.

According to this embodiment, the “hermetically sealed
hollow body” may deform, that 1s, expand and contract,
within a pressure range in which the heat storage and release
unit 100q 1s normally used. The hermetically sealed hollow
body 1s capable of expanding to press the reaction material
formed bodies 130aq against and fix the reaction material
formed bodies 130q to the heat transier surfaces 140 when
placed m a vacuum. Furthermore, when placed in the
atmosphere, the hermetically sealed hollow body contracts
to lose the pressing force, thus making 1t possible to replace
the reaction material formed bodies 130, for example.

The reaction material pressing member 150 of a hermeti-
cally sealed hollow body may be formed using a material
such as metal foil, for example. It 1s preferable to manufac-
ture a hermetically sealed hollow body using metal foil. This
1s because 1n this case, the heat capacity of the hermetically
sealed hollow body 1s limited, so that 1t i1s possible to
clliciently use heat generated by the reaction with a reaction
medium.

Thus, according to this embodiment, the reaction material
formed body 130q includes the heat transfer enhancing
members 135q at least mside the reaction material formed
body 130a. The heat transter enhancing members 135a are
enclosed iside the reaction material formed body 130a. The
heat transfer enhancing members 135q are formed to extend
from the first surface 160 to the second surface 170, opposite
to the first surface 160, of the reaction matenal formed body
130a. Using this reaction material formed body 130a makes
it possible to improve the efliciency of heat transier between
the reaction material formed body 130qa and the correspond-
ing heat transier surface of the heat storage and release unit
100. Furthermore, because the reaction material formed
body 130a of this embodiment has good thermal conduc-
tivity, there 1s no need to cause the reaction material formed
body 130a to fixedly adhere to the heat storage and release
unit 100. Therefore, the reaction material formed body 130a
1s easily replaceable 1n the case of degradation.

FIG. 11 1s a schematic diagram for illustrating a form of
arrangement of heat transfer enhancing members according
to another embodiment.

Like the reaction material formed body 130a of the
above-described embodiment, a reaction material formed
body 1305 of this embodiment includes multiple heat trans-
fer enhancing members 1355, and at least part of the heat
transier enhancing members 13356 are arranged to be ori-
ented 1n a predetermined single direction.

Referring to FI1G. 11, the heat transfer enhancing members
13556 of this embodiment are different from the heat transfer
enhancing members 135a of the above-described embodi-
ment 1n being formed to project from at least one of the first
and second surfaces 160 and 170 of the reaction material
formed body 1306. That is, the heat transfer enhancing
members 1355 extend in the thickness direction from the
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first surface 160 to the second surface 170 so as to have
projecting parts 180 exposed from the second surface 170.

A description 1s given of an example arrangement 1n the
case of applying the reaction matenal formed body 13056 of
this embodiment to the heat storage and release unit 1004
(FIG. 1).

FIG. 12 1s a schematic enlarged view of part of the heat
storage and release umt 100a around one of the reaction
material accommodating parts 120 according to this embodi-
ment. As illustrated in FIG. 12, a pair of (two) reaction
material formed bodies 1306 are accommodated in each
reaction material accommodating part 120, and the reaction
material formed bodies 1306 are pressed against the corre-
sponding heat transfer surfaces 140 by the corresponding
reaction maternal pressing member 150. In this case, heat 1s
exchanged between the reaction material formed bodies
1306 and the heat transfer surfaces 140 through the project-
ing parts 180 of the reaction material formed bodies 1305.

By exchanging heat with the heat transfer surfaces 140 of
the heat storage and release unit 100a through portions (that
1s, the projecting parts 180) of the heat transfer enhancing
members 1355, it 1s possible to reduce thermal resistance at
the time of heat transier. Theretfore, 1t 1s possible to rapidly
exchange heat 1n heat storage and heat release operations, so
that it 1s possible to increase the output of the heat storage
and release unit 100aq.

Furthermore, according to this embodiment, the heat
transier surfaces 140 may come 1nto contact with the heat
transier enhancing members 13556 without directly contact-
ing the reaction material formed bodies 1305. FIG. 13 15 a
schematic diagram for illustrating another form of arrange-
ment of heat transfer enhancing members according to this
embodiment.

In this embodiment, where the heat transter surfaces 140
come 1nto contact with the heat transier enhancing members
135b as 1llustrated 1in FIG. 12, an air gap 1s formed between
adjacent heat transier enhancing members 1355. As a resullt,
reaction medium ftlow passages 300 in which a reaction
medium 1s allowed to (ireely) pass, as indicated by arrows
by way of example in FIG. 13, are formed. That 1s, 1n the
heat storage and heat release operations of the heat storage
and release unit 1004, 1t 1s also possible to use a surface of
cach reaction material formed body 1306 facing toward the
corresponding heat transter surface 140 (that 1s, the second
surface 170 [FIG. 12]) as a reaction surface. Therefore,
compared with the case where the heat transier surfaces 140
come 1nto direct contact with reaction material formed
bodies, 1t 15 possible to supply a reaction medium sufliciently
onto the surface of each reaction material formed body 13056
facing toward the corresponding heat transter surface 140.
As a result, the rate of reaction of the reaction matenal
formed bodies 13056 increases, so that it 1s possible to
increase the input and output speed of heat.

A description 1s given, with reference to FIG. 14, of a
variation of this embodiment where the reaction medium
flow passages 300 are formed. FIG. 14 1s a schematic
diagram {for illustrating a form of arrangement of reaction
medium flow passages according to this embodiment.

In the wvariation illustrated in FIG. 14, the reaction
medium flow passages 300 are formed as grooves on the
second surface 170 of the reaction material formed body
1306. As described above, forming the reaction medium
flow passages 300 1n which a reaction medium 1s allowed to
(freely) pass increases the surface area of contact with a
reaction medium of the second surface 170 of the reaction
material formed body 13056. As a result, like 1n the embodi-
ment 1llustrated i FIG. 12, the speed of reaction with a
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reaction medium of the reaction material formed body 13056
increases, so that it 1s possible to increase the input and
output speed of heat. In the cross-sectional view of FIG. 14,
the groove parts have a semicircular shape. The shape of the
groove parts, however, 1s not limited to this as long as the
groove parts are formed so as to increase the surface area of
the second surface 170 of the reaction material formed body
1305.

With respect to the reaction medium flow passages 300,
an embodiment in which groove parts are formed and an
embodiment in which the projecting parts 180 are provided
may be combined as indicated by broken lines in FIG. 14.
This combination makes 1t possible for the reaction material
formed body 1306 to further increase the surface area of
contact with a reaction medium.

Furthermore, as another variation of this embodiment, the
heat transfer enhancing members 1356 may be formed to
project from each of the first and second surfaces 160 and
170 of the reaction material formed body 13056. FIG. 15 1s
a schematic diagram for illustrating another form of arrange-
ment of heat transfer enhancing members according to this
embodiment.

Causing the heat transfer enhancing members 1355 to be
formed to project from each of the first and second surfaces
160 and 170 of each reaction material formed body 1305 as
illustrated 1n FIG. 15 makes 1t also possible to reduce the
thermal resistance between each reaction material formed
body 1305 and the reaction material pressing member 150,
thus making 1s possible to further improve heat exchange
performance. In this vanation, the reaction medium flow
passages 300 are also formed on a surface of each reaction
material formed body 13056 facing toward the reaction
material pressing member 150 (that 1s, the first surface 160),
so that the first surface 160 also may be used as a reaction
surface for reaction with a reaction medium. Theretfore, the
rate of reaction of the reaction material formed bodies 13056
turther increase, so that it 1s possible to further increase the
input and output speed of heat.

In this embodiment, the material of the heat transfer
enhancing members 13355 1s not limited 1n particular as long
as the material has good thermal conductivity as described
above. It 1s preferable, however, that the heat transfer
enhancing members 1355 be formed of a material having
toughness.

FIG. 16 1s a schematic enlarged view of part of the heat
storage and release umit 100a around one of the reaction
material accommodating parts 120 according to this embodi-
ment.

As a result of forming the heat transfer enhancing mem-
bers 1356 of a material having toughness, the heat transier
enhancing members 1356 may bend so that the projecting
parts 180 of the heat transfer enhancing members 13556 are
equal 1n length 1n the Z direction even when the projecting
lengths of the projecting parts 180 are not uniform as
illustrated in FIG. 16. That 1s, variations 1n the lengths of the
heat transfer enhancing members 1355 are absorbed. This
climinates the necessity of finishing the projecting parts 180
with accurate dimensions, so that it 1s possible to manufac-
ture the reaction material formed body 1305 at reduced cost.

Of the above-described materials, metal materials such as
copper and aluminum may be suitably used as materials
having toughness.

As an example formation of the heat transier enhancing
members 1355 having toughness, a description 1s given of
the case of forming the heat transfer enhancing members
13556 1n a calcium sulfate reaction material formed body of
200 mm 1n width, 100 mm 1n length and 8 mm 1n thickness.
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For example, copper wires of 10 mm 1n length and 0.3 mm
in diameter are arranged with spaces in a calcium sulfate
reaction material formed body of 200 mm 1n width, 100 mm
in length and 8 mm in thickness so as to extend in the
thickness direction of the reaction material formed body.
The weight-based mixture ratio of the copper wires 1s 10
mass %. As a result, of the length of 10 mm of each copper
wire, a length of 2 mm may be formed as the projecting part
180 (in the case where the copper wires are spaced 1n a
direction perpendicular to the thickness direction).

Furthermore, as long as the heat transfer enhancing mem-
bers 1356 extend from the first surface 160 to the second
surface 170, the heat transifer enhancing members 13556 do
not always have to extend in a direction parallel to the
thickness direction of the reaction material formed body
1305.

FIGS. 17A and 17B are schematic diagrams for 1llustrat-
ing other forms of arrangement of heat transfer enhancing
members according to this embodiment. FIG. 18 1s a sche-
matic enlarged view of part of the heat storage and release
unit 100q around one of the reaction material accommodat-
ing parts 120 according to this embodiment.

To be more specific, FIG. 17A illustrates an embodiment
where the heat transfer enhancing members 13355 extend at
a predetermined angle to the thickness direction of the
reaction material formed body 1305 (the Z direction). FIG.
17B 1illustrates an embodiment where the heat transfer
enhancing members 1355 change their direction of exten-
sion at some point along their length.

In the embodiments of the heat transfer enhancing mem-
bers 1354 illustrated 1n FIGS. 17A and 17B as well, 1t 1s
possible to absorb vanations in the lengths of the heat
transier enhancing members 1356 as illustrated in FIG. 18
by using a material having toughness for the heat transier
enhancing members 135b. Therelfore, there 1s no need to
finish heat transfer enhancing members 1336 with high
dimensional accuracy, so that it 1s possible to obtain the
reaction material formed body 1305 having a high heat
transier characteristic at reduced cost. In the embodiments
illustrated in FIGS. 17A and 17B, it 1s preferable to cause the
projecting parts 180 to be oriented in the same direction
relative to the thickness direction of the reaction matenal
formed body 1305. If one or more of the projecting parts 180
are oriented 1n a diflerent direction than the other projecting
parts 180 relative to the thickness direction of the reaction
material formed body 13056, some adjacent projecting parts
180 may interfere with each other.

Furthermore, the heat transfer enhancing members 1355
may be formed of a flexible material such as a string-shaped
material. As a result, regions of the heat transier enhancing,
members 1355 around their respective ends on the side on
which the heat transfer enhancing members 1336 come 1nto
contact with the corresponding heat transter surface 140
may come nto contact and exchange heat with the heat
transier surface 140. That 1s, the area of the regions around
the contact-side ends of the heat transfer enhancing mem-
bers 1356 may be eflectively used for heat transter.

Flexible carbon fibers may be suitably used as a string-
shaped material. As an example formation of the heat
transier enhancing members 1355 of a string-shaped mate-
rial, a description 1s given of the case of forming the heat
transier enhancing members 1356 1n a calcium sulfate
reaction material formed body of 200 mm 1n width, 100 mm
in length and 8 mm 1n thickness. For example, carbon fibers
of 10 mm 1 length and 0.1 mm 1n diameter are arranged
with spaces in a calcium sulfate reaction material formed
body of 200 mm 1n width, 100 mm 1n length and 8 mm in
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thickness so as to extend 1n the thickness direction of the
reaction material formed body 130. The weight-based mix-
ture ratio of the carbon fibers 1s 2 mass %. As a result, of the
length of 10 mm of each carbon fiber, a length of 2 mm may
be formed as the projecting part 180 (in the case where the
carbon fibers are spaced 1n a direction perpendicular to the
thickness direction).

Furthermore, it 1s preferable that ends 190 (FIG. 19) of the
heat transfer enhancing members 13556 on the side on which
the heat transier enhancing members 1355 come 1nto contact
with the corresponding heat transier surface 140 be joined in
advance to, for example, a plate-shaped heat transier plate
200 (FIG. 19) whose principal surface 1s parallel to the heat
transier surface 140.

FIG. 19 1s a schematic diagram 1illustrating another form
ol arrangement of heat transfer enhancing members accord-
ing to this embodiment.

By providing the heat transier plate 200 whose principal
surface 1s parallel to the heat transfer surface 140, the heat
transier plate 200 and the heat transfer surface 140 are
thermally coupled, so that 1t 1s possible to exchange heat
more efliciently. The heat transier plate 200 may employ the
same material as the heat transfer enhancing members 2355.

Thus, 1n the above-described embodiment, the reaction
material formed body 1306 includes the heat transfer
enhancing members 1355 at least inside the reaction mate-
rial formed body 13056. The heat transier enhancing mem-
bers 1356 extend from the first surface 160 to the second
surface 170 opposite to the first surface 160, and include the
projecting parts 180 that project from at least one of the first
and second surfaces 160 and 170. Use of such a reaction
material formed body makes 1t possible to improve the
clliciency of heat transfer between the reaction material
formed body and a heat transier surface of a heat storage and
release unit. Furthermore, according to this embodiment, 1t
1s possible to form the reaction medium flow passages 300
between a heat transier surface of a heat storage and release
umit and a reaction material formed body, so that 1t 1s
possible to increase the rate of reaction. Furthermore, a
reaction material formed body according this embodiment
has good thermal conductivity and therefore does not have
to be fixedly adhered to a heat storage and release unit.
Therefore, the reaction material formed body 1s easily
replaceable 1n the case of degradation.

FIG. 20 1s a schematic diagram for 1llustrating a form of
arrangement of heat transfer enhancing members according
to an embodiment of the present invention.

According to this embodiment, a deformable heat transfer
member 210 that may be deformed by pressure 1s provided
between the above-described reaction material formed body
130a or 1305 and the corresponding heat transfer surface
140. By way of example, the reaction material formed
bodies 1306 are illustrated 1n FIG. 20.

Retferring to FIG. 20, the deformable heat transfer mem-
ber 210 1s provided between each reaction material formed
body 1306 and the corresponding heat transfer surface 140.
This makes 1t possible to further reduce the contact thermal
resistance and accordingly to cause heat to be exchanged
more efliciently between each reaction material formed body
1306 and the corresponding heat transier surface 140.

The matenal of the deformable heat transter member 210
1s, for example, a porous metal sheet of a metal such as
nickel or a carbon fiber sheet.

For example, in the case of using the deformable heat
transier member 210, first, copper wires of 10 mm 1n length
and 0.3 mm 1n diameter are arranged with spaces 1 a
calcium sulfate reaction material formed body of 200 mm 1n
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width, 100 mm 1n length and 8 mm 1n thickness so as to
extend 1n the thickness direction of the reaction material
formed body. The weight-based mixture ratio of the copper
wires 1s 10 mass %. As a result, of the length of 10 mm of
cach copper wire, a length of 2 mm may be formed as the
projecting part 180 (in the case where the copper wires are
spaced 1n a direction perpendicular to the thickness direc-
tion). Then, a carbon fiber sheet of, for example, 200 mm in
width, 100 mm 1n length and 1 mm 1n thickness 1s placed
between the projecting parts 180 and the heat transier
surface 140.

Thus, 1n this embodiment, the deformable heat transier
member 210 that may be deformed by pressure 1s provided
between the reaction material formed body 130 (130a or
1306) and the corresponding heat transfer surface. As a
result, 1t 1s possible to further reduce the contact thermal
resistance and accordingly to cause heat to be exchanged
more efliciently between the reaction material formed body
130 (130a or 130H) and the corresponding heat transfer
surtace 140.

All examples and conditional language provided herein
are intended for pedagogical purposes of aiding the reader 1n
understanding the invention and the concepts contributed by
the inventors to further the art, and are not to be construed
as limitations to such specifically recited examples and
conditions, nor does the organization of such examples 1n
the specification relate to a showing of the superiority or
inferiority of the invention. Although one or more embodi-
ments of the present invention have been described in detail,
it should be understood that the various changes, substitu-
tions, and alterations could be made hereto without depart-
ing from the spirit and scope of the mvention.

What 1s claimed 1s:
1. A reaction material formed body into which a reaction
material 1s formed, the reaction material reversibly reacting
with a reaction medium to store or release heat, the reaction
material formed body comprising:
first and second opposite surfaces; and
a plurality of heat transfer enhancing members extending
at least from the first surtface to the second surface,

wherein at least two or more of the heat transfer enhanc-
ing members are oriented 1n a predetermined single
direction, and

wherein the heat transier enhancing members include

respective projecting parts projecting from at least one
of the first surface and the second surface.

2. The reaction material formed body as claimed 1n claim
1, wherein the projecting parts of the heat transier enhancing
members are oriented 1n a same direction.

3. The reaction material formed body as claimed in claim
1, wherein all of the heat transfer enhancing members are
oriented 1n the predetermined single direction.

4. The reaction material formed body as claimed in claim
1, wherein the heat transfer enhancing members have one of
a needle shape, a string shape, and a thin strip shape.

5. The reaction material formed body as claimed in claim
1, wherein the heat transfer enhancing members are formed
ol a material having toughness.

6. The reaction material formed body as claimed 1n claim
1, wherein the heat transfer enhancing members are formed
of a flexible string-shaped material.

7. The reaction material formed body as claimed 1n claim
1, wherein the heat transfer enhancing members include
carbon fibers.

5

10

15

20

25

30

35

40

45

50

55

60

16

8. A heat storage and release unit, comprising:

a reaction material formed body into which a reaction
material 1s formed, the reaction material reversibly
reacting with a reaction medium to store or release heat,
the reaction material formed body including
first and second opposite surfaces; and
a plurality of heat transfer enhancing members extend-

ing at least from the first surface to the second

surface,

wherein at least two or more of the heat transfer
enhancing members are oriented 1n a predetermined
single direction;

a reaction material accommodating part accommodating,
the reaction material formed body and including a heat
transier surface that exchanges heat with the reaction
material formed body; and

a reaction material pressing member configured to press
the reaction material formed body against the heat
transfer surface.

9. The heat storage and release unit as claimed in claim 8,

further comprising;:

a deformable heat transfer member provided between the
heat transfer surface and the reaction material formed

body.

10. A heat storage and release unit, comprising:

the reaction material formed body as set forth 1n claim 1;

a reaction material accommodating part including a heat
transier surface that exchanges heat with the reaction
material formed body and accommodating the reaction
material formed body so that the projecting parts of the
heat transfer enhancing members come ito contact
with the heat transfer surface; and

a reaction material pressing member configured to press
the projecting parts against the heat transfer surface.

11. The heat storage and release unit as claimed 1n claim

10, further comprising:
a deformable heat transfer member provided between the
heat transfer surface and the reaction material formed
body.
12. A heat storage and release unmit, comprising;
a reaction material formed body into which a reaction
material 1s formed, the reaction matenal reversibly
reacting with a reaction medium to store or release heat,
the reaction material formed body including
first and second opposite surfaces; and
a plurality of heat transfer enhancing members extend-
ing at least from the first surface to the second
surface,

wherein at least two or more of the heat transfer
enhancing members are oriented 1n a predetermined
single direction;

a reaction material accommodating part accommodating,
the reaction material formed body and including a heat
transier surface that exchanges heat with the reaction
material formed body; and

a reaction material pressing member configured to press
the reaction material formed body against the heat
transier surface,

wherein a reaction medium flow passage for a reaction
medium to tlow through 1s formed on at least one of a
contact surface of the reaction material formed body
that comes into contact with the reaction material
accommodating part and a contact surface of the reac-
tion material formed body that comes into contact with
the reaction material pressing member.
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